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A DEVICE FOR ASSISTING A PERSON IN RESCUE OPERATIONS 
UNDER HAZARDOUS SITUATIONS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates to an abnormality detection support device which is suitable for a 
case where rescue operations or the like are made under situations that visibility is disturbed by 
smoke or the like due to fire. 

2. Description of the Related Art 

Such a kind of an abnormality detection support device includes a helmet, an infrared 
camera, a display, and a radio transmitter as disclosed in Japanese Patent Application Publication 
Laid-Open No. 5-75892 (1 993). The infrared camera is fixed to an outer peripheral surface of 
the helmet. The display is attached to the helmet so that an image screen comes to the front of a 
head of a user wearing the helmet, and reproduces an image taken by the infrared camera. The 
radio transmitter is attached to the helmet and radio-transmits an image signal of the infrared 
camera to a radio receiver provided in a remote location. 

When the abnormality detection support device is used, a field operator wearing the 
helmet directly watches an infrared image and simultaneously can work with both hands available 
under a situation that smoke or the like due to fire disturbs the field of vision of the operator. 
Further, when the image taken with infrared is radio-transmitted to the radio receiver provided in a 
place separated from the field, more precise monitoring, diagnosis of the circumstances and the 
like can be made. 

The abnormality detection support device, however, has the following problems (1) to 

(3): 
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(1) since the infrared camera is fixed so as to project laterally from the outer peripheral 
surface of the helmet, when the operator passes through a narrow place, the infrared camera is in 
danger of bumping against obstacles and being damaged; 

(2) since the infrared camera is set in a position which is fairly higher than positions of 
the ears on temporal region of the user, there are so much of differences between an actual image 
the user sees with the naked eye and an image on the display taken by the infrared camera; and 

(3) since the infrared camera is fixed so as to project laterally from the outer peripheral 
surface of the helmet, the left and the right sides of the helmet is not well balanced in weight, and 
thus the user 's neck is strained. 

That is to say, this abnormality detection support device has unsatisfactory usability as 
explained in (1) to (3). 

It is, therefore, an object of the present invention to provide an abnormality detection 
support device which enables an operator to work with both hands available while directly 
watching an infrared image even under a circumstance that smoke or the like due to occurrence of 
fire disturbs the field of vision of the operator, and has excellent usability. 

SUMMARY OF THE INVENTION 

An abnormality detection support device of the present invention includes an infrared 
camera, a display which, at least when the infrared camera is in use, comes to be positioned in 
front of a user's eyes and reproduces an image taken by the infrared camera thereon, and a face 
protector or a helmet, on which the infrared camera and the display are provided. The infrared 
camera and the display are arranged to be within an outline of the user's head in the front view 
when the device is put on the user. 
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In the abnormality detection support device of the present invention, since the infrared 
camera and the display are arranged to be within the outline of the user's head in the front view 
when the device is put on the user, the infrared camera is unlikely to bump against obstacles and is 
damaged when the user passes through a narrow place. 

An abnormality detection support device of the present invention includes an infrared 
camera, a display which, at least when the infrared camera is in use, comes to be positioned in 
front of a user's eyes and reproduces an image taken by the infrared camera thereon, and a face 
protector or a helmet, on which the infrared camera and the display are provided. The infrared 
camera is arranged on a line extending through the user's left and right eyes and near one of the 
eyes. 

In the abnormality detection support device of the present invention, since the infrared 
camera is arranged on the line extending through the user's left and right eyes and near one of the 
eyes, an image on the display taken by the infrared camera is not greatly different from an actual 
image the user sees with the naked eye. 

An abnormality detection support device of the present invention includes an infrared 
camera, a display which, at least when the infrared camera is in use, comes to be positioned in 
front of a user's eyes and reproduces an image taken by the infrared camera thereon, and a face 
protector or a helmet, on which the infrared camera and the display are provided. The infrared 
camera is arranged so that a center of gravity is put over a virtual center line. 

In the abnormality detection support device of the present invention, since the infrared 
camera is arranged so that a center of gravity is put over a virtual center line, the right and the left 
sides of the device are well balanced in weight, and thus strain on the user's neck is small. 

An abnormality detection support device of the present invention includes an infrared 
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camera, a display which, at least when the infrared camera is in use, comes to be positioned in 
front of a user's eyes and reproduces an image taken by the infrared camera thereon, and a face 
protector or a helmet, on which the infrared camera and the display are provided. The infrared 
camera is arranged in a position near a jaw portion of the user. 

In the abnormality detection support device of the present invention, since the infrared 
camera is arranged in the position near the jaw portion of the user, moment on the user's neck is 
small, and thus the strain on the user's neck is small. 

An abnormality detection support device of the present invention includes an infrared 
camera, a display which, at least when the infrared camera is in use, comes to be positioned in 
front of a user's eyes and reproduces an image taken by the infrared camera thereon, and a face 
protector or a helmet, on which the infrared camera and the display are provided. The infrared 
camera is arranged in a position separated from the display in the front view, and the image taken 
by the infrared camera is reproduced on the display in a position in front of the user's eyes by 
optical or electrical coordinate conversion. 

In the abnormality detection support device of the present invention, since the infrared 
camera is arranged in the position separated from the display in the front view, and the image 
taken by the infrared camera is reproduced on the display in the position in front of the user's eyes 
by optical or electrical coordinate conversion, an image on the display taken by the infrared 
camera is not greatly different from an actual image the user sees with the naked eye. 

In the abnormality detection support device of the present invention, the display is of a 
monocular type. 

In the abnormality detection support device of the present invention, since the display is 
of the monocular type, the user can always grasp ambient situation through one eye, and thus the 
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user can appropriately respond to unforeseen contingencies so that the safety of the user is 
improved. 

In the abnormality detection support device of the present invention, the face protector or 
the helmet is equipped with a radio data transmission device for radio-transmitting an image signal 
of the infrared camera to a radio receiver which is provided in a remote location. 

In the abnormality detection support device of the present invention, the image taken by 
the infrared camera is radio-transmitted to the radio receiver provided in a location separated from 
a field, so that more admissible observation and judgment of the situation can be made. 

In the abnormality detection support device of the present invention, the infrared camera 
is detachable from the face protector or the helmet. 

In the abnormality detection support device of the present invention, since the infrared 
camera is detachable from the face protector or the helmet, the strain on the user's neck due to the 
weight of the infrared camera can be suppressed at the time of the detachment of the infrared 
camera. Meanwhile, the infrared camera as a portable camera can photograph the inside of a 
small hole or the like which is smaller than the size of the abnormality detection support device as 
an entire system. 

In the abnormality detection support device of the present invention, the infrared camera 
can be attached to or detached from the face protector or the helmet with the user' simple 
operation. 

In the abnormality detection support device of the present invention, since the infrared 
camera can be attached to or detached from the face protector or the helmet with the user' simple 
operation, the camera attachment/detachment operation can be performed for a short time. 

In the abnormality detection support device of the present invention, the display can be 
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moved to another position so as to be out of the user's view when the display is not in use. 

In the abnormality detection support device of the present invention, since the display can 
be moved to another position so as to be out of the user's view when the display is not in use, the 
user can easily grasp the situation through both his/her eyes. 

In the abnormality detection support device of the present invention, the infrared camera 
and the display are arranged on the same side with respect to a virtual center line which divides the 
front of the head of the user into right and left portions. 

In the abnormality detection support device of the present invention, since the infrared 
camera and the display are arranged on the same side with respect to a virtual center line which 
divides the front of the head of the user into right and left portions, the user can have a more 
factual distance perception and a more real sense of direction by adjusting the monocular display 
to the direction the infrared camera points to. 

In the abnormality detection support device of the present invention, the front of the face 
protector or the helmet is shielded, and inner surface of the shield and the surface of the display are 
fog-proofed. 

In the abnormality detection support device of the present invention, since the front of the 
face protector or the helmet is shielded, and inner surface of the shield and the surface of the 
display are fog-proofed, lack of the visibility in front due to the front surface being fogged can be 
eliminated, and the safety of the operations can be secured. 

The abnormality detection support device of the present invention is provided with an 
adjustment mechanism for adjusting a position and an angle of the display. 

In the abnormality detection support device of the present invention, since the adjustment 
mechanism for adjusting the position and the angle of the display is provided, the user can adjust 
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the display to the most suitable position in front of the user' eyes. 

The abnormality detection support device of the present invention can receive radio data 
from a remote location. 

m the abnormality detection support device of the present invention, since the device can 
receive radio data from the remote location, the user can receive an admissible instruction from a 
location separated from the field. 

In the abnormality detection support device of the present invention, the infrared camera, 
the display and the radio data transmission device are installed inside the face protector or the 
helmet. 

In the abnormality detection support device of the present invention, since the display 
and the radio data transmission device are installed inside the face protector or the helmet, these 
equipments can get better heat-resistance and water-resistance compared to the case where the 
equipments are exposed. 

In the abnormality detection support device of the present invention, at least one of a 
camera control device, a radio data transmission device and a battery is provided to the face 
protector or the helmet, and at least one of the camera control device, the radio data transmission 
device and the battery, and the infrared camera are arranged so that a center of gravity is put over 
the virtual center line of the face protector or the helmet. 

In the abnormality detection support device of the present invention, since at least one of 
the camera control device, the radio data transmission device and the battery, and the infrared 
camera are arranged so that a center of gravity is put over the virtual center line of the face 
protector or the helmet, the right and the left sides of the device are well balanced in weight, and 
thus strain on the user's neck is small. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view illustrating an abnormality detection support device 
according to a first embodiment of the present invention; 

Fig. 2 is a side view of the abnormality detection support device accordion to the first 
embodiment; 

Fig. 3 is a perspective view illustrating a goggle portion of the abnormality detection 
support device according to a second embodiment of the present invention; 

Fig. 4 is an overall view of the abnormality detection support device according to the 
second embodiment; 

Fig. 5 is a perspective view of the abnormality detection support device according to a 
third embodiment of the present invention; 

Fig. 6 illustrates the abnormality detection support device according to another 
embodiment of the present invention; 

Fig. 7 illustrates the abnormality detection support device according to another 
embodiment of the present invention in which an image taken by an infrared camera is reproduced 
on a display in a position in front of a user's eyes by adjusting with an optical method. 

Fig. 8 illustrates the abnormality detection support device according to another 
embodiment of the present invention; 

Fig. 9 illustrates the abnormality detection support device according to another 
embodiment of the present invention; 

Fig. 10 illustrates the abnormality detection support device according to another 
embodiment of the present invention; 
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Fig. 1 1 is a perspective view of a mechanism for moving a display to another position; 

Fig. 12 is a perspective view of a mechanism for moving the display to another position; 

Fig. 1 3 is a perspective view of a mechanism for moving the display to another position; 

Fig. 14 is a conceptual diagram of electrical coordinate conversion of adjusting an image 
to a position in front of a user's eyes (in a side view); and 

Fig. 15 is a conceptual diagram of the electrical coordinate conversion of adjusting an 
image to a position in front of a user's eyes (in a top view). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An abnormality detection support device according to embodiments of the invention is 
explained below with reference to the drawings. 
First Embodiment 

Fig. 1 is a perspective view illustrating the abnormality detection support device 
according to the first embodiment of the present invention, and Fig. 2 is a side view of the 
abnormality detection support device. 
(Basic structure of the abnormality detection support device) 

The abnormality detection support device basically, as shown in Fig. 1, includes a fire 
face piece 1 , a monocular display 2 provided in the fire face piece 1 , an infrared camera 3 attached 
to the left side of the fire face piece 1 near the left eye of a user, and an electronic parts unit 4 
attached to the right side of the fire face piece 1 near the right eye of the user. 
(The fire face piece 1) 

The fire face piece 1 is made of transparent synthetic resin, and as shown in Fig. 1 , a void 
portion 10 for housing the display 2 is provided to its upper portion, and a mask 1 1 for supplying 
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air is provided to its lower portion. The user can wear the fire face piece 1 in a sealed state via an 
elastic member which is stuck to a peripheral portion on an inner surface of the fire face piece 1 . 

As shown in Fig. 1, a bracket 12 for attaching the infrared camera 3 to the left side of the 
fire face piece 1, a bracket 13 for attaching the electronic parts unit 4 to the right side of the fire 
face piece 1, a bracket 14 for attaching the display 2 to the top portion of the fire face piece lare 
respectively provided. 

As shown in Figs. 1 and 2, the fire face piece 1 is also provided with a net type hat piece 
15 on its rear side. A stop bind 16 provided to the hat piece 15 is fastened through a holdfast 17 
provided to the fire face piece 1 , so that the user can put on the fire face piece 1 tightly without 
leaving space between the fire face piece 1 and the face of the user. 
(The display 2) 

As shown in Fig. 1, the display 2 is of a monocular type, and is arranged near the right 
eye of the user via the bracket 14. In this embodiment, as shown in Fig. 1 , the display 2 is 
attached via a support 20, and the display 2 can move forward, horizontally and vertically, namely, 
three-dimensionally with respect to the support 20 by a screw mechanism so that the display 2 is 
adjusted to a position in front of the user' eyes. The display 2 may be moved with respect to the 
support 20 manually or by utilizing a rotational force of a motor or the like. 

The display 2 is of a see-through type so as to be capable of transmitting about 20% of 
external light when not in use. 
(The infrared camera 3) 

The infrared camera 3 is attached to the left side of the fire face piece 1 as mentioned 
above, and more concretely, the infrared camera 3 is arranged on a line extending through the 
user's left and right eyes and near the left eye. Therefore, an image on the display taken by the 
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infrared camera is not greatly different from an actual image the user sees with the naked eye. 

The infrared camera 3 makes it possible for the user to work even under a circumstance 
that smoke or the like due to the occurrence of fire disturbs the visibility of field operators by 
directly watching the infrared image. 
(The electronic parts unit 4) 

The electronic parts unit 4 has a camera control device 40, and a radio data transmission 
device 41 for radio-transmitting an image signal of the infrared camera to a radio receiver provided 
in a remote location. A battery is used as their driving power. 

The electronic parts unit 4 is attached to the right side of the fire face piece 1 near the 
right eye of the user, so that a moment which is generated by a weight of the electronic parts unit 4 
balances out a moment which is generated by a weight of the infrared camera 3 as much as 
possible. 

(Excellent functions and effects of the abnormality detection support device) 

(1) When the abnormality detection support device is used, the display 2 is moved 
forward, horizontally and vertically, namely, three-dimensionally by the screw mechanism with 
respect to the support 20, so that the display 2 can be adjusted to the position in front of the user' 
eye. After being adjusted, the user wears the hat piece 1 5 and fastens the stop bind 1 6 provided 
to the hat piece 1 5 through the holdfast 1 7 provided to the fire face piece 1 , so mat the user can put 
on the fire face piece 1 tightly without leaving space between the fire face piece 1 and the face of 
the user. 

Because of the above-mentioned structure, the user can adjust the position of the image 
on the display 2 to the level of the user' eyes so as to get better vision and the image on the display 
2 is not blurred due to the vibration caused by the user at the time of the operations. 
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(2) Since the display 2 is of the see-through type and thus can transmit about 20% of the 
external light when not in use, a composite scene obtained by scenes viewed by one eye and 
see-through eye is the approximately same as a normal scene. For this reason, the user is not 
disturbed the operations even when the display 2 is not in use. 

(3) Since the infrared camera 3 is arranged on a line extending through the user's left and 
right eyes, the image on the display 2 is not greatly visually different from the actual image and 
thus the user can recognize the image on the display 2 properly. 

(4) Since the moment generated on the user's neck by the weight of the electronic parts 
unit 4 and the weight of the infrared camera 3 is balanced out as much as possible, the user can 
perform the operations without deteriorating maintenance of the posture in a still state and agility 
in his/her movement and without feeling stress. 

(5) Since the electronic parts unit 4 is attached near the right eye of the user, the user can 
easily operate the electronic parts unit 4 with a simple switch operation, and thus this device is 
easy to use. 

Second Embodiment 

Fig. 3 is a perspective view illustrating a goggle portion of the abnormality detection 
support device according to a second embodiment of the present invention. Fig. 4 is an overall 
view of the abnormality detection support device. 
(The basic structure of the abnormality detection support device) 

The abnormality detection support device is used in logistical support for fire fighting. 
As shown in Figs. 3 and 4, the device basically includes a goggle 1Q a monocular display 2 
arranged so as to occlude a cut portion of a lens portion of the goggle 1Q an infrared camera 3 
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attached to the left side of the goggle 1G, and an electronic parts unit 4. 
(The goggle 1G) 

As shown in Fig. 3, the goggle 1G includes a lens section 10Q an elastic member 11G 
for fitting the lens portion 10G to the face in a sealed state, and a belt 12G for attaching the lens 
portion 1 OG to the face. The goggle 1 G can be attached to the face of the user in the sealed state 
due to the presence of the elastic member 1 1G 

As shown in Fig. 3, an opposed portion of the lens portion 10G to the left eye of the user 
is provided with an opening 1 8 for attaching the monocular display 2. 

The goggle 1G is also provided with the bracket 12 for attaching the infrared camera 3 to 
the left side of the goggle 1G, as shown in Fig. 3. 
(The display 2) 

The display 2, as shown in Fig. 3, is arranged so as to occlude the opening 1 8 in the front 
view, and the elastic member 1 1G is provided to occlude a gap between the display 2 and the 
opening 1 8. The display 2 is equipped with an HOE lens of about 2 cm 2 (generally, it is called as 
a holographic optical element or hologram combiner), and it is made so as to be moved back and 
forth for adjusting its position (its position can be adjusted up and down and left and right by 
moving the goggle itself). 
(The infrared camera 3) 

The infrared camera 3 is a small-size CCD camera which allows a user to see a 
near-infrared region where ember can be recognized, and it is arranged on a line extending through 
the user's left and right eyes in the goggle 1G via the bracket 12. 
(The electronic parts unit 4) 

The electronic parts unit 4 is basically similar to that in the first embodiment, but as 
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shown in Fig. 4, it has a belt 42 for attaching it to a waist of the user. 
(The functions and effects of the abnormality detection support device) 

The abnormality detection support device produces the following excellent functions and 

effects: 

(1) since the small-size CCD camera is used, the weight of the device is small, and since 
the electronic parts unit 4 can be attached to the waist of the user by the belt 42, the strain on the 
user's neck is further reduced in comparison with the device in the first embodiment; 

(2) the user can adjust the position of the image on the display 2 to the level of the user' 
eyes so as to get better vision and the image on the display 2 is not blurred due to the vibration 
caused by the user at the time of the operations; 

(3) since the display 2 is equipped with the HOE lens, the composite scene of the scene 
viewed by one eye and the scene by see-through eye is the approximately same as the normal 
scene, and thus the user is not disturbed the operations even when the display 2 is not in use; 

(4) the image on the display 2 is not greatly visually different from the actual image and 
thus the user can recognize the image on the display 2 properly; and 

(5) the user can easily operate the electronic parts unit 4 with the simple switch operation, 
and thus this device is easy to use. 

Third Embodiment 

Fig. 5 is a perspective view illustrating a helmet-type abnormality detection support 
device according to a third embodiment of the present invention. 

As shown in Fig. 5, the abnormality detection support device includes a helmet 1H, a 
display 2 arranged in front of the left eye of a user, an infrared camera 3 arranged on the right side 
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of the jaw portion of the user, and an electronic parts unit 4 built in near the top of the helmet 1H. 
In the helmet 1H, its front portion is covered with a transparent face piece, and a liner is formed on 
its inner surface. 

In the abnormality detection support device, the user can tip up the display 2 on an axis 
2 1 to an upper position where the display 2 is out of the user's sight. The user may be allowed to 
move the display 2, for example, horizontally along a guide rail in the helmet 1 . 

Other Embodiments 

(1) As shown in Fig. 6, it is preferable that the infrared camera 3 and the display 2 are 
arranged within an outline of the helmet 1H in the front view when the helmet 1H is attached to 
the head of a user. In this embodiment, as shown in Fig. 6, the electronic parts unit 4 may be 
packaged into the vicinity of the top of the helmet 1H on a virtual center line. In this 
embodiment, even when the user passes through a narrow place, the infrared camera 3 unlikely 
bumps against obstacles and gets damaged, and the moment generated on the user's neck becomes 
small. 

(2) As shown in Fig. 7, the display 2, the infrared camera 3, and the electronic parts unit 4 
can be installed in the helmet 1H. Also in this case, the similar effect to that in Fig. 6 is 
produced. 

(3) It is preferable that the infrared camera 3 is arranged on the virtual center line (for 
example, a center of the forehead of a user) which divides the front of the head of the user into 
right and left portions. In this embodiment, the right and the left sides of the device are well 
balanced in weight, and thus the strain on the user's neck is small. 

(4) As shown in Fig. 6, it is preferable that the infrared camera 3 is arranged near the jaw 
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portion of the user. In this embodiment, the strain on the user's neck can be small. 

(5) As shown in Fig. 8, it is preferable that the infrared camera 3 is arranged in the 
position separated from the display 2 in the front view, and an image taken by the infrared camera 
3 is reproduced on the display 2 in front of the user' eyes by optical (or electrical) coordinate 
conversion. In this embodiment, the image on the display 2 taken by the infrared camera 3 is not 
greatly different from the actual image the user sees with the naked eye. As to the electrical 
coordinate conversion here, when the camera is arranged in the different position from the use's 
eyes, a pixel (c, d) of the camera is converted into a pixel (x, y) of a display image based on the 
following coordinate conversion equation (the vertical case is exemplified): 

y=(b-h)-[rtan<|>/(N/2)] 

= {[(rtan9)/(N/2)]xd-h} x [(N/2)/r tan*] 

= [(tan8/tan<j>)xd] - {[hx(N/2)]/r tan<|>} 
x = a-[rtanf /(M/2)] 

= (tan07tan(j)') x c 

As a result, the camera image is converted into data and electronically enlarged or reduced so as to 
be trimmed (see Figs. 14 and 15). 

(6) As shown in Fig. 9, it is preferable that the infrared camera 3 is detachable from the 
helmet 1H with a user's simple operation. In this embodiment, the strain on the user's neck due 
to the weight of the infrared camera 3 can be suppressed when it is detached from the helmet 1H, 
and meanwhile the infrared camera 3 as a portable camera can photograph the inside of a small 
hole or the like which is smaller than the size of the abnormality detection support device as an 
entire system. 

(7) As shown in Fig. 10, it is preferable that the infrared camera 3 and the display 2 are 
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arranged on the same side with respect to the virtual center line which divides the front of the 
user's head into right and left portions. In this embodiment, a user can have a more factual 
distance perception and a more real sense of direction by adjusting the monocular display 2 to the 
direction the infrared camera 3 points to. 

(8) As shown in Figs. 11 to 13, the display 2 is moved rotationally on the fixed axis 21 to 
another position so as to be out of the user's view when the display 2 is not in use. In this 
embodiment, since the display 2 can be moved to another position so as to be out of the user's 
view when the display 2 is not in use, the user can easily grasp the situation through both his/her 
eyes. 

(9) It is preferable that the front surface of the helmet 1H is shielded by a transparent 
resin plate, and the inner surface of the plate and the surface of the display 2 are fog-proofed. 

(10) In the above embodiment, the display 2 is of the monocular type, but may be of a 
binocular type. 

(11) As the infrared camera 3, any one of a far-infrared camera, a mid-infrared camera, 
and a near-infrared camera may be used. The most suitable type of a camera may be selected 
depending on the details of the operations. 

(12) As the display 2, any one of a nontransparent display, a see-through display, and a 
see-around display may be adopted. 

(13) The radio data transmission device is not inevitably required, and can be added as 
the need arises. 

(14) The radio data transmission device maybe additionally provided with a function for 
displaying instruction information from a remote location on the display 2 and a function for 
receiving an instruction in an auditory manner. 
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(15) It is preferable that at least one of the camera control device, the radio data 
transmission device and the battery, and the infrared camera are arranged so that the center of 
gravity is put over the virtual center line of die face protector or the helmet. In this embodiment, 
the right and the left sides of the device are well balanced in weight, and thus strain on the user's 
neck is small. 

(16) The structures explained in (1) to (15) are mainly described for the helmet 1H, but 
they can be employed for the face protector such as the goggle 1G and the fire face piece 1 as long 
as they can be embodied. 

The present invention having the above-mentioned structures produces the following 

effects. 

As is clear from the contents described in the preferred embodiments of the present 
invention, the present invention can provide the abnormality detection support device which 
enables an operator to work with both hands available while directly watching the infrared image 
even under a circumstance that smoke or the like due to occurrence of fire disturbs the field of 
vision of the operator, and has excellent usability. 



18 



Copied from 10772822 on 12/19/200$ 



